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ABSTRACT:
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A study wae made of two important waterfowl lakes, Christina and
Heron Lakes, for lead skot incidence in bottom soils during the
summer of 1959. Samples of lake bottoms were taken by use of an
Eckmar dredge and washed through a fine seive to determine the

. density of shot in each laske. Ecth lakes were sub-sarpled or the

‘basie of hunting prcllure.n/

:;Rcsnlts 1ndiegtcd densities of nbout'i uhot'foritquaro foot ic

heavily hunted areas and 0.2 shot per square foot iz moderately

‘-.hnntcd areas ©f Christina Lake., Densities of shot ir Heron Lake
- .varied with individual areas of the lake froam less than 0.l shot

per square foot to 0.7 per sguare foot. Recovery rates of shot

 incressed with the depth of samples, indicating that in very soft-

' OBJECTIVE:

bottomed lakes shot may in time settle to (optha grontcr than

reached by feeding waterfowl, '

A comparison of these dats with thoss collected 'by Osmer in 1938-

1939 on a portion of Heron Lake indicated a leszd shot density ap-

proximately balf that found by Osmer. This decrease in shot may
not be .real at all, but due to an increase in the depth of softer
soile of Heron Lake during the past twenty years that has covered
014 accumulations of shoet and permitted the settling of lesd shot
mors rocontly diachnr;ed into the lake.

Previous 1nvcst1¢ttiona have shown that lead shot poinoning ac~
counts for a sigoificant loss of waterfowl annually. The avail-
adility of lead shot to waterfowl will vary on individual areas
according to the hunting prcasnre and the nature of the underlying
bottom goile., == . . .. : :

;‘To dctcrninc trcnd- 13 the acculnlntion of lead shot in ccrtain

parshes and lakes in Hinnelota and its possidble oftcetc on water-

- fo.l- .

zninoﬁucnom

C

Lcad poisoning 1n 'ator!otl bas bacn ‘Boted pince the latter half of
the nineteenth century. Since then, mumerous iovestigations of
its effects on waterfowl have been made by many investigators.
Recently a compilation of these findings and their significance

to waterfowl has been made by Bellrose (1959). 4Lccording to data
collected, Bellrose estimsted that approximately & percent of the

mallards in the Migsiesippi Flyway die iz the wiléd as a result of

- lead poisoning and an additionsl 1 percent afflicted with lead
poisoning are taker by hunters. <This, we feel constitutes a sig-

mificant loss that c¢an be expected to increase in the future as
ipcreased hunting pressure adds to the accumulation of shot in
lakes and marshes.
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For these reasons the pr.sent investigation was made to determine
treznds in the accumulation ¢f lead shct in Minnesota lakes. Two
lakes were sanmpled for lead shot t incidence ic the bottom soil
during the summer of 1959. Cbriatina Lake, Douglas and Grant
Counties, a shallow lske of approximately 4,000 acres that has
. besn & traditional stopping peint for canvasbacks in Hinaeaotaa\uj
“and Heron Lake, Jacksen County, another shallow lake with an area
of approxizately 8,000 acres, gytick also has a colerful history
of waterfowl use and ons on which isad shot irncidence kad teen
studied esarlier by Osger (19&0)._

TECHNIQUES: The pudblished account of Csmer's work (Sciontific Hoathly. 1940).
an unpublished supplemental paper, and the availadbls field data
'of Osmer wers studied to deterzizs what was knowa in regards to . -
lead shot diastridbutioa 1n Minzesot “a laknn as recorded by the ear-
lier study of Oanor. '

These data indicated that shot diltribution would not be oxpcctod
beyond a 300 yard range from shooting poirt, and, contrary to
Osmer's assumptior, that the shot distributicn was not randoa.

A preliminary field investigation was made onm Boot lake, Ancka
County, using a Pesterscn dredge and axa Eckman dredge., It was
_soon found that 1) a Peterson 4redge could not be handled from a
canoe, and 2) that collection and storags of samples for future
examination in the lnboratory would bo very difficult becauss of
weight and bulk. ‘ ‘

Based on these findingp 1t ‘waz decided that- la:pling-ot bottenm
soils wonld be made with the following assumptions: 1) Shot distri-
bution im a lake can be saxpled by stratified saxples based on )
_levels of hunting pressurs. 2) Shot distridution within the lak._/
is not randos dut rather in the nature of a coantagious dispersion.
3) Shot.diastribution for a givea astrata of hunting pressure would
‘be confined to a3 area within 300 :ardt ot lhooting sites (shore-
line, and/or rushes). _

The procedurs !olletoa,wa- to dulincata thq pointl; passes, and

other arsas of heaviest hunting pressure as one strata to be san-
Pled, Next a moderate hunting pressure zoze was sinilarly delin-
_eated as the remaining lhorolino and/or rushes, ' :

Within each strata of hnnting prcssnro lnapling .tationo were set
in a general way to equate area/station. These statiozs wers thcg.
sanpled by use of an Eckman dredge, the dredge being lowered to -
. the bottom and then triggered by the releass of a brass measenger.
- Samples thus odtained were washed smd-asifted at the site ol col-
lection by uae of lake water and a ¥o. 10 U, S, standard sieve
(opening 0.0787 in.). It was found through repeated trials that’
'shot could ds washed through samples without loss and that they
wers rcndily 1dontificd amongst rnnaining dobril.

Initially a hundred and cixty sanples were taken in the heavily
hunted portions of Christina Lake, (the points and passes). An
amalysis of the nature of shot distribution was then msde as a
guide to the number and distridution of further sampling station~
necsssary to describe the demsity of shot in the lake bottom. IM‘)_
general the number of sampling statiozs was set at a level so as.
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PIFNINGS:

LT ™

to detect the presence of shot at & denszity of one per ten square
feet and to describe higher densities to !ithin 0.3 shot per s8q.
ft. at the 95% confidence level.

The results of bottom sampling of Christina -Lake is given in Table ¢
1 of the appendix and for Heron Lake in Table Z of the appendix.

The diestridution of the sampling stations on Christina Lake is

shown in Figure 1, and the distribution of sampling stations on

Eeron Lake are shown in rigurcs 2 and 3.

In examining the data colléeted on Christina Lake several interest-
ing points were noted. A‘sub-sampling of zone A, héavily hunted
area, into three groups indicated a similar recovery rate. Samples
1 thru 40, 41 thru 80, end 81 thru 160 ipndicated a shot density of

"0.7y 141, and 1,15 per square foot respectively. This would subd-
stantiate the assumption that these -areas had a similar hunting
pattern, Eowever, in sazples taken in zone B, the moderately
bunted area, & higher incidence in the extreme southwest bay, and
in particuler close to shore, would suggest that thies ares was
subject to a higher hunting pressure than originally presuaed. In-
deed the presence of the road along this edge and the fact that it
is a natural pass area to Pelican Lake located just to the west may
well place it ip the heavily hunted classification although it is
bere considered as & part of the moderately hunted portiocz.

~ Botton types were not recordsd at stations in Christins lLake, ex-

cept on the moderately huntsd portion. 111 stations 1a.the moder-
ately hunted portion were lott nuck. ’

As sanples were taken it became apparont to the crew oz Hercna Lake ' (1_
that the occurrence of shot varied with bottom firmness, a rather :

~ difficult thing to measure. A rule of thumb the crew used and.

whick worked to some extent was, that if samples were firz enougk
to maintain a distinct shape in the sieve after being dropped in
from the Eckman dredgs - these ‘samples yielded shot. Cozverasly,
when samples dropped into the sieve from the Eckman dredge were 8o
1oose as to £111 the eleve bottom with a 1iquid muck sealing eof?f
a flow of water through the sieve = thene samples yielded no shot.

The survey crew, suspecting that shot were sifting to greater
depths than the Eckman dredge was adle to reach, borrowed a post~
hole digger from a neardy fars. The crew took six auger sanples

- aleng "Fighting Row" in the south portion of Heron Lake, an ares
that previously had yielded no shot when sampled with the Ickman

~dredge. These six auger samples encountered a sticky “"yellowish®™

~elay at a depth of adout 6 inches and yielded 7 shot, three shot
being taken inm one sample, one saxple with mone, and thc renzinder
baving one shot each. This indicates a density of 5.9 shot par
square foot, assuming the area snnplcd b; the at;tr mas equal to

 the auger area (284 sq. in-).

The high incidence of shot tbund by use of tho post-holo digger

suggested a very high density of shot at lower depths in the leke

bed. To test this hypothesis further, san Bckmarn dredge mounted on

a heavy pole was used in taking 75 samples in Heron Lake from three ‘E?
aptomtegic areas. These were taken by pushiag the dredge into the

bottom soil. KNone of thess samples, however, reached the yellowisk

- 88 - .
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underlying clay. In South Herom Lake it penetrated deep enough

to fill the dredge, while in Norih Heron Lake it penetrated oaly .
4-5 inches. Table 3 of the appendix givéd the results of the 75
sazples taken by this latter method. Location of these samples is
comparable to samples previously taken in the same respective
sreas by other methods. .

The data as collected on both lakes and by various means (e.g.
post-hole digge> va. Ickman dredge) werse arranged by strata and
then coanected by the square root trazaformation. These trana-
formed data were used to compute the confidence linits of eack
strata. The results of theses analysis are given in Table 1.

Differences betwesn means of saxzples obtained at various asoil
depths on the "Pighting Row" of Scuth Heron Tike wers tested by
the "t" test. The "t" value for ths difference betweez samples
1l and 2 was 3.2k with 25 degrees of freedon. This value is sig-
mificant at the 95 percent level. Yor the difference between 2
and 3 the "t* value was 2.25 with 29 degrees of freedom. 7This
value is also significant at tie 95 percent level., It can be
assuxed then tkat the three different sampling methods wers re-
covering shot at three distinct rates, depending on the depth of
sazples. e

A sipilar test was zmade for samples obdtained at various soil

depths in Winzer Bay. The test yieldsd a "t™ value of 0.419 with 58
degrses of fresdon. Since this value is not significant at the 95
percent level, the rates of recovery for the two methods are ap-
parsntly equal for this area. Redkead Bay also indicates a similar
recovery rate for both methods. L

These results indicate a vertical distribution of shot in bottom
solls, the depth and rate of settling being primarily related to the

- s01l firzness. Previous inveatigations by Wetmore and Bellrose, as

reported by Bellrose, (op.cit.), have domonatrated this same type
of distridution. Bellrose found the rite of shot settling was re-
lated to the shot size, the largest shot. settling fastest: This
rate is presumeably related to various forms of agitation.(g.g. wave
action, rough fish, ets.). - . . o _

Observations indicate that most waterfowl, excepting divers, feed
in the uppsr inch of bottom soil (Bellrose, op.cit.). It would
appear then that a comparison of shot incidence from Osmer's work
and the present investigation would indicate tie‘relative avail-
ability of shot to waterfowl., Dsmer took 23 Peterson dredge sazples
from the south and southeast sides of the north portion of Heroa
Lake with an average incidence of 2,00 shot per sq. ft. (Osmer, op.
cit.). This same general area (samples 36 through 116) was sampled
with 81 Eckman dredge samples for an averags inmcidence of 0.74 shot
per sq. ft., less than half that reported by Osmer, twenty ysars
previous! : -

Tt's significant that Osmer reported the lake bottom as having been

 hard clay with ome to three inches of mud over it. The Peterson

dredgs used by Osmer mo doubt took some.clay with such a thin l»- ~
of mud. Zhe present investigation found over six inches of silt ./

- 59 - .
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‘Table 1. Comparison of Lead Shot Incidence
‘ and Confidence Limits for Christina
and Heron Lakes by Ssmpling Strata.

N~ Christins Lake
Location Type of Snﬁ le * Shot/eg.ft, 5% Confidence Limit
Zone A (heavily bunted points 160 Eckman dredge 1.02 . - 0.73 - 1,32
and passss) sanples . e
Zone B (moderately bunted shore~ 162 Ickman drcdga 0.22 C - 0.13 - 0.3
line and brlrushes)  samples
Herorn Lake
Location “¥ype of Bample 8hot/sq.ft. 95X Confidence Lipit
Rrighting Row"-8cuth portion . o _ -
l. 20 Eckman dredge 0.00 Less tkan 0.10
saxples :
2. 25 Eckman dredge 1.92 1.2 - 2,86

., samples mounted on
pole and pushed
into ground .
3. 6 post=hole ii:gor 5,92 2,57 - 11.32
samples mounted on _ '
pole and pushed

‘ into ground
Redsnder of South portion o -
: 80 Eckmaz dredge 0.10 Trace - 0.24
samples - .
Redkhead Bay ~ Neorth portion ' '
: . l. 20 Eckaan dredgs 0.00 Less thaz 0,10
‘samples _
2. 25 Eckmnan dredge ©.00 . Less than 0.10

samples mounted on
pole and pushed .

into grownd
Winzer Bay - North portion . . -
1. 35 Eckman dredge 0.34 0« 0.73
samples -
2. 25 Lckman dredge . 0.48 Trace - 1.01

saaples mounted on.
pole and pushed

-

. . into ground

Last Bay - Nortk portion. L

25 Lckman drodgo - 0.00 - Less thaz 0.10

samples - o
South shoreline of the . .
North portion -« - 81 Eckman ‘rcdge ' c.7% 0.27 - 1.21

' '~ samples ‘
. SN
- 60 ~
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. SUMMARY

and clay was 2ot recovered im any samples ‘with the Eckman dredge
sven when pushed into the bottom s0il. Because most shot have
settled through the soft silt until they are out of reach of the
Zckman dredge, it could be presumed that such shot is also inac-
cessible to waterfowl,
: v
A seasonal availadility of shot (Bellrose, op.cit.) Eay account
in part for the higher incidenge rats found by Osaer aa his sanples
were taken during the winter and those obtained during this study
wore taken during the summer, which allowed the previous season's
shot pellets more time in which to settle deeper into the soil.
Tais, however, is not believed to be significant as Oszer's sanmples
were taken directly over the hard clay bottoa (Osmer, op.cit).

AND CONCLUSIONS:

A study to determine the density of lead shot in the bottom soils
of two Minnesota lakes was conducted during the summer of 1959.

The lakes selected for study were Christina Lake, Douglas and Grazt
Counties, and Heron Lake, Jackson County, doth important waterfowl
Arsas.

The lakes were sud-sampled according to sones of hunting pressure,
with sach zone deing sanpled by means of an Ecknap dredge. Samples
thus obtained were washed through a No. 10 atandard sieve in the
field for leaxd shot. .

The mean shot dezasity in the heavily hunted portions of Christina
Lake was 1.02 per sq. ft. with a 95 perceat confidence limit of
0.73 per 8q. ft. to 1.32 per 83. ft. The mean shot density ia ¢’
moderately hunted portion of Christina lake was 0.22 per sq. ft.._-/
with a 95 perceat confidence limit of 0.13 per sg. ft. to 0.31 per
8g. ft.. ; )

Lead shot densities in Eeron Lake ‘bottom -oiluﬂvariod according to
the area sampled, Ia ths south portion of Heron Lake the density
of shot along "Fighting Row™ was less than 0.10 per aq. ft., while
ths remainder of the south portioa had a mean denmsity of 0.10 per
sq. ft. Ia the morth portion of Heron Lake, Redhead Bay had less
tian 0.10 per sq. ft., East Bay had less thaa 0.10 per sq. ft.,
Winzer Bay had a mean density of O0.34 per eq. ft., and the south
shoreline of the lake proper had a megR density of 0.74 per sq. ft.

A series of samples in Heron Lake were taken to estadlish whether or
not the dezmsity of lead shot was related to the depth at which sam-
ples were taken. Such a relationship was established in the south
portion of the lake, but nome could be eatablished in the north
portion, presumeably because samples were never taken at a suf-
ficient dottom soil depth to reach shot pellets which had settled
into the soft bottonm. : . -

» .
Cozparison of data collected on the morth portion of Herod Lake bY
Osmer in 193940 indicates that the present shot density is approx-
imately half the density as found at the date of‘his study. The
reason for this lower recovery rate is felt to be dus to the fill’ug
in of the lake bed with fine silt particles which Rave allowed 5 .
pelletas to settle to a depth beyond that sampled with the Eckman
dredge.

- € - AR200006 '



The lower density of skot. found during this study reflects a
correspondingly lower availabllity of shot to feeding waterfowl.

Oz the basis of information gathered during this study, it would
appesar that lead shot availability to waterfowl or az individual

S’ area will be closely related to hunting pressure azd nature of
the underlying soils. It ies therefore belisved that many areas
will pose leses of a problem in the fyture as siltation covers
existing sbhot and allows others a soft bottom through whick they
may settle, while other areas with firm bottom soils will accumu-
late higher concentrations of shot arnd conceivably become unten-
able by waterfowl at some future date.

The prodlex of lead shot poisoning will kave to be evaluated oz
the basis of individual areas.

RECOMMENDATIONS:

l. Future sampling of lead shot incidence in bottom soils shoulad
be made to provide a statistical base for evalmation of chang-
ing availability to waterfowl.

2. It's recozmended a study be undertaken to determinme the density
of.lead shot in bottom soils as related to its ingestion rate
by waterfowl. &uck a study would provide a basis for deter-
aining the "safe"™ and "unteznable™ levels of shot in bottom soils
of waterfowl lakes anéd marshes.

3. Although the data presented here indicates less availability of

shot to waterfowl now than twenty Yyears previous, it is felt

N that it still accounts for a significant and mnnecessary loss
of waterfowl., Data collected on these two lakes suggest that
other areas with firam bottoms become progressingly less tenable
by waterfowl as shot densities accumulate. It's therefore recom-
mended that consideration by given to the adoption ef mon-toxic
iron alloy shot in hunting waterfewl.

LITERATURE CITED:

Bcllrolu, Frank C.
1959. Lead Poisoning az a Hortality Tactor in Waterfowl Popu-
lations. Illinois Natural History Burvey Bulletin.
Volume 27, Article 3.

Osmsr, Thos. L. G.
- 1940, Lead Bhot: Its Danger to Waterfowl. The Scieatific

Monthly. Volume L:&55=450,

Jerome H, Kushn

FREPARED BY: . APFROVED BI:

Robert Jgalon

Richard Lo;nd _
“tnys portion of the study conducted by Project FE-1-R (PF&).“
© | <62 -
| AR200007

T



) g0000c2HV ) | )

LOCATION OF ECKMAN DREDGE SAMPLES

LEAD SHOT $TUDY B%9

Fiame 1




Pcuné 2 - LOCATION OF ECKMAN DREDGE SAMPLES

274

LEAD SHOT STUDY

N=

- :
,.” Y “r'
. SR
- QT L 7
.

w oW N\

.

P

¥

BAldya.ra: Catfan

.
N BAM TS b

ey Lanslr 400

L4

M LT SR

- -
. HIAM B0 memiltiia
PIFAITMINT OF CONLIAVAYIDN

MIVIION DF AL ANE TigM
JeR1ag B NHAKE sup dLASuIBg

HERON L AKE

; JACKION €D
”;g : " - LYY aar :..:n.ln iy _
. > . ) bw [k 1] L X _F J
vy //V / v . 'I- . - aisete = wa LN
5 y 2 LN AL
i AS %7’2-/'{«-\ N /%
LGS
‘- ", \& v r. \ % o,
A% :% 7N, / e
Eagr il W A~ s
‘ ’ff‘ ._l/, oY 77 -
. . S _ < .
; . - wAdaw d .
N , . a v
/ B / ."c - :'\ ( P
» lhd '"\\\\ '}‘ \ ‘° [
N ‘l] - .

AR200009

.
_{ ‘7 saRmpmres LaTWRN

qheat geme, s
T s L AT

.
o : . -
1<) . N TAERNY Svidien
s - "\- o ‘.'.. K. . .//" o
, R .
§ \\ »
\ ‘ ~ ..ll
.
s - " ‘- N \" "‘\ . - Y
-,‘ . *
. ’ et 5 -
. . - s e / “ / d .'?\-‘o'.. .° . - b
o/ N Ne s
* . "N . -
“ - « . b - :
. v \\ ~ (RN T




Y _ ) 0100024V IR

-y
—dp— e o= | et bt
- em— _

» & em—— e 3 mm———

[ LT

0> “r
NN NONIH

et I L L

j’ﬂ. L Nohdt hindad

RIS aE o8 o8y IhE

mimesmiily B vEy s

'Fioure 3 — LOCATION OF ECKMAN DREDGE SAMPLES

LEAD SHOT STUDY 1959

-82¢c-




N

2

)

Appendix Table 1.

Lead BShot Incidence in Christina Lake as
Determined by Use of an Eckman Dredge.*

. . Zone A - Beavily Hunted Area
Eample Ko, Shots Sample Ko. Ehots  Sample No. Shots Sazple XNo. Bhots
Number Recovered Kugber Recovered Number Recovered Number Recovered
1. 6] 4). 0 Sl. N 0 121. 0
2. 0 L42. 0 82. (o} 122. 0
3, 0 L3, 0 83. 0 125%. 0
4, 0 Ly, 0 84. 0 124, (4]
5. 1 h5. 0 8s. 0 125. 0
é. 1l 46. 0 86. 1 126. o
7. 1l 47. 0 87. 0 127. o]
8. 0 48, 0 88. 2 128. 0
9. 0 Ly, (o] 89. 6 129, 0
l0. 0 50. 0 0. 0 130. 0
ll. 0 51. 0 9l. o] 131. 0
12. 0 52. 2 92. 0 132. 0
13. 0 53. 1l 93. 0 133, 1
14, 1) "5k, 0 9k, 0 134, 1
5. 0 55. 0 95. o 135. 0
16. 0 56. 1 96. 0 136, 0
17. 0 57. 1 97. o 137. 0
18. o] 58. b | g8. o 138, 0
19. o 59. 1 99. 4] 139. 0
20, o £0. 0 100, (o] 140, 1+
- 21. 0 €l. 1) 101. 0 141, o
22. (0] é2. 1 102. (o) 142, 0
23. 1l 63. 0 103, 2 143, 0
24, 0 6h. 0 104, 2 14k, 0
5. Q . 65. 0 105. (4] 145, o]
26. o 66. o 106. o 1“’6. o
.27, 0 €7. 0 107. 0 147, 0
28, 0 €8. 1 208, 1 148, o .
30. b § 70. 0 110, 0 150. 0
5. 0 71. 0 1ll. 0 151. (4]
32. (2] 72. (4] 112. 0 152, &
33. -0 73. d 113. L] 153. 1
34, . (o) 74, 0 114, 0 154, - 0
35. 1 75. (4] i15. 0 155. =T
36€. 0 76. 0 116. 0 156. 0
37. 1 77, (o} 117. S § 157. 0
38. - 0 78. 0 118. *,0. 158. 0
39. 0 79. 1 119. 0 159. 0
#053: 0 (s) 120. [+] 160. 4]

go.

. ® Bottom types were not recorded for Christina Lake except
ly bunted portion, which was all soft muck.

AR20001 1
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Appendix Table 1. (cont.)

- Zone B - Moderately Hunted Area
Sample No. Shots Sample No. Shots Sample No. Shots Sample No. Shots '
Number Retovered Number Recovered Number Recovered Number Recovered >

1. o LS .0 81. 0 122, 0
2, 0 L2. 0 82. 0 123. 0
3. 0 ‘.’3. o] 83. - Q 12"’0 o]
4, 0 L, 0 84, 0 125. 0
5. 0 45, o} 85. 0 126. 0
6. (o] Lé. o 86. (o] 127, 1
7. 0 47. 0 87. 0 128, 0
8. o] LS. 1 88. 0 129. 0
9. o 4g. o] 89. 0 130. o)
0. ¢] 50. 1 90. 0 -131. 0
11. 0 S1. 0 91. 0 132, 0
12. (4] 52. 0 92. (o] 133, 0
13. 0 53. 0 93. 0 134, 0
1k, (4] 54, b 94, o 135. 0
15, 0 55, o] 95. 1l 136. 0
17. 4] 57. o] 97. o] 138. o)
18. (o] 58. 0 98. (¢] 139. o
19. (o] 59. 0 99. (o] 140. 0
20. o] €0. 0 100. 0 141, o
21, o] 61. o 101, (o] 1k2. o
22. 0 62. 0 102. 1 143. 0
23. 0 63. o 103, 1l 144, )}

2k. 0 64, 0 104, 0 145. 0 £

25 » 0 65 [ 0 105 - 0 1"’6 . 0 T
27. 0 67. 0 107. 0 148. o
28. (o] 68, 0 108, 0 149, 0
29. 0 69. 0 109. 0 150. (o]
30. (o] 70. 0 110. 0 151. (o]
31. 0 71. 0 ‘111, (o] 1s2. o
32, (o] 72, 0 112. 0 153. (v}
33, 0 73. 0 113. 0 154, o
3, o 24, 0 134, o] 155, 0
35. p 75. 0 115. 0 156. -0
36. 0 76. ] 116. 0 157. (o]
37. 0 77 (] 117. 0 158. 0
38, o 78. 0 118. 0 159. 0
39, (o] 79. 0 119. 0 160. 0
ho. 0 80. o 120, 0 161. 0
- 121. o] - 162. 0

€

- 64 = —
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Appendix Table 2.

LR

lLead Shot Incidence ir Heron Lake abs

Determzined by Use of an Eckman Dredge.

South Portieon

Ko. Shot

Bottom No. Bhot Bottonm
Sanple No. Type Recovered Eample No. Type Recovered
1. Muck 0 22, Bandy Lean 5)
2. Muck o 3., Sandy Loan o]
3. Muck 0 24, Sandy Laom o)
L. Muck 0 25. Sandy Loanm 0
5. Muck 0 26. Bl.ndy Loax -0
é. Muck 0 27. Sandy Loan (o]
7. Muck 0 28. Sazndy Loan o]
8. Muck 0 29. Sazdy Loan 0
S. Muck 0 30. Bandy Loam ]
20, Muck 0 x. Sandy loax 0
1ll. Muck (o] 32. Muck 0
12. Muck 0 33. ¥uck v}
13. Muck (v} 34, Muck & Gravel 0
14, Muck 0 35. Muck & Gravel 0
l1s. Muck 0 36. Mugk & Gravel 0
1lha Muck (4} 22. Muck & Gravel ¢
17. Muck 0 38. Muck & Gravel 0
18. Muck 0 39. Muck & Gravel (o]
19, Muck (o] 0. Muck & Gravel (o]
20. Muck ) (o] 41, Nuck (]
21. Bandy Loam [ h2, Muck 0
e
“Bottom  No. Bhot Bottom No. Sket
Rscovered Sample [ Raceversd

Maek
Mack
Muck

Muok

Muck
Muck
Muck
Muck
Sand
Eand
Band
Band
Sand
Sand
Band
Band
Band
8and
Muck
Muck
Muck
Muck
Muck

00000000 OHOO0DOODO0000DD0O000O

Muck
Muck
Muck
Muck

© Maek

Muck
Muck
Sandy Muck
Sandy Muck
Sandy Muck
Bandy Muck

' Bandy Muck

8andy Muck
Sandy Muck |
Bandy Muck I
Bandy Muck
Sandy Muck
Sandy Muck
Muck

Muck

Muck
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(Table 2. Cont.)

Bottom No. Sbot Bottom No. Shot
Sample No. Type Recovered Sample No. Type Recovered
66. Muck o 95. Muck 0
67. Muck 0 9€. Muck 0
68. Muck 0 97. Meck 0
69. Muck 0 98. Muck 0
70. Muck 0 99. . Muck 0
71. Muck ) 100, Muck 0

- . -

Rorth Portion

Bottom No. Shot Bottom No. Shbot
Sazmple No. Type Recovered Sample No. Iype Recovered

1. Silty Muck 1 23. Silty Muck 0

2 Silty Muck 0 2b, 811ty Muck 0

3. Silty Muek O 25. 8ilty Muck o

4, Silty Muck 0 26, Silty Muck 0
S Silty Muck o 27. 541ty Muck 0

6. Silty Muck o 28. 8ilty Muck 0

7. Silty Muck 0 29, 8ilty Muck o
8. 841ty Muck 0 30. 8ilty Muck (o]

9. 8ilty Muck 0 3. Bilty Muck (4]
10. Bilty Muck 0 32. 83ilty Muck o
1l. 8ilty Muck 1 33. 8ilty Muck o
p - Bilty Muck 0 - B4, 8ilty Muck 0
13. 3ilty Muck 0 35. 841ty Muck o
14, Bilty Muck o] 36. Bandy Bilt o
15. 8ilty Muck o 37. S8andy 8ilt 0
16. 811ty Muck ] 38. Sandy 8ilt 0
17. Bilty Muck o 39. Sandy 8ilt 0
18, 8ilty Muck b | 40, Bandy Bilt (¢
19. "841ty Muck 0 b1, Sandy 8ilt -0 -
20. 8ilty Muck O &2, Bandy 811t 1
al. 811ty Mack o] h3, Sandy 8ilt o
22, 811ty Muck. O b, Eandy Bilt °

SN et TR =. B
Bottoa No. Shot Bottoa Ko. Shot
Sample ¥Wo. 2ype _ Recovered Sample No. Type Recovered
45, Sandy Bilt e] 102, Coarse 8ilt 7
6. . Fine 811t 0 103. Coarse Silt 1l
47. Tine 3ilt 0 10%., Coarse 8ilt 2
48, Fine 8ilt 0 105. Coarse 8ilt 0
Ly, Yine 8ilt (4] 106. Coarae 3ilt 0
50. Coarse 811t O 107. Coarse 8ilt e o
51. Coarse 3811t O 108, - Coarse B81ilt ) .0
52. ‘Coarse 311t O 109. Coarse 8ilt o
53. Coarse 811t O 110. Coarss Bilt 0
54, Coarse 811t O 1l11. Coarse 8ilt 0
55. Coarse 311t O 1l2. Coarse Bilt 4]
56. Coarse 811t 1 113. Coarse 311t 0
- 66 =
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(Table 2. cont.)

~ Bottom ~ No. Shot Eottom No. Shot
Sample No. Type Recovered Sample No. Type Recoversd

57. Coarse Silt 1 114, Coarse Silt 0
58. Coarse Silt . 3 115. Coarse 8ilt 0
59. Coarss Silt 0 116. Coarse S5ilt 1
é0. Coarse Silt 1 *17. Silt Muck C
61, Coarse 8ilt 0 218. 811t Muck o]
62. Coarse 8ilt 0 119. 8ilt Muck (o]
63. Coarse 8ilt v, 120. 84ilt Muck 0
6. Coarse Silt 1 121. 8ilt Muck (o]
€5. Coarse 8ilt 0 122. Silt Muck 0
66. Coarse 811t 0 123. 841t Muck 0
67. Coarss B51ilt 0 12k, 811t Muck 0
€8. Coarse S8ilt 0 125. £4i1t Muck (s]
€9. Coarse 8ilt 0 126. 811t Muck 0
70. Coarse 811t 0 127. 811t Muck o}
71. Coarse 8ilt (o] 128. §11t Muck 0
72. Coarss 81t 0 129, * 841t Muck 0
?73. Coarse 8ilt 0 130. 841t Muck 0
24, Coarse B8ilt ¢ 131. 841t NMuck 0
75, Coarse Bilt 0 132, 811t Muack o]
?6. Cosrse 8ilt o] 133, 841t Muck 0
77 Coarse Bilt 0 1354, 811t Muok 0
78. Coarse Bilt 0 135, 8ilt Muck 0
75. Coarse Bilt 0 136, 811t Muek 0
8o. Coarse 8ilt 0 137. 841t Muck v
81. Coarse 81t 0 138, 841t Muck (/]
82. Coarae EBilt (o] -1359. Bilt Muck o]
83. Coarae 811t 0 140, 8ilt Mauok 0
84, Coarse B8ilt 0 1, Muck 0
8s. Coarse 8ilt o 142, Muok 0
86. Coarse Bilt 0 143, Muck 0
87. Coarse 8ilt 0 1k, Huck 0
88. Coarse 811t 0 145, Muck o
89. Coarse Bilt 0 146, Muck 0
90. Coarse B4ilt 1l 17, Nuck 0
91. Coarse S11t 0 148, Muck 0
92. : Coarse 8ilt 0 19, Muck o
93, Coarss 8ilt (] 150, . Muck o
94, Coarse Bilt 0 151. Muck 0
95. Coarse 8ilt 0 152. Muck 0
96. Coarsge 85ilt 0 153. Muck 0
97. Coarse Bilt (o] 154, Muck o]
98. -~ Coarss Bilt 0 155. Muck o]
99. Coarse Bilt 0 156. Muck 0

100, Coarses 8ilt 0 157. Muck (4}

101. Coarse Bilt 0 158,  Muck 0

‘ 7
e AR e Mg le
Bazple Wo,  Eottoz Type  ¥o. Bhot Recovered

159. Muck 0

160. Muck o

161- Huck 0
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) Appendix Table 3. Lead B8hot Inciden Jhu Bottom S0ils of Heron lLake as Indicated )
by Use of an Eck=a. Dredge Pushed into Bottom Soil. .

Sample Ro. . fo. Ghot “Sample No. “No. Shot
& Location Recoverad & location Recovered

28A., Redhead Bay - North portion
29A. Redhead Bay - North portion
30A. Redhead Bay - North portion
31A. Redhead Bay - North portion
32A. Redhead Bay - North portion
33A. Redhead Bay - North portion
34A, Redhead Bay - North portion .
35A. Redhead Bay - North portion
36A. Redhead Bay - North portion
37A. Redhead Bay - North portion
38A. Redhead Bay ~ North portion
39A. Redhead Bay - North portion
40A. Redhead Bay - North poertion
41A. Redhead Pay - North portion
42A. Redhead Bay - North portion
43A. Redhead Bay - North portion
h4A, Redhead Bay - North portion
4S5A. Redhead Bay - North portion
46A., Redhead Bay - North portion
47A. Redhead Bay - North portion ¢
48A. Redhead Pay - North portion
49A. Rédhead Bay ~ North portion
50A. Redhead Bay ~ North portion
S51A. Winzer Bay - North portion
S2A. Winzer Bay - North portion
53A. Winzer Bay - North portion
S4A. Winger Bay -~ North portion

l1A. Fighting row + South portion
2A. TYighting row -~ 8outh portion
3A, Fighting row - South portion
hp. Pighting row - South portion
S5A. UPighting row - South portion
6A. Pighting ‘row - South portion
7A. Pighting row - Bouth portion
BA. PFighting row - South portion
9A., Fighting row - South portion
10A. Pighting row - South portion
J1A. PFighting row - Bouth portiomn
12A, PFighting row - South portion
13A. TFighting row - 8guth portiom
1hA. Pighting row . South portion
15A. Fighting row -~ South portion
16A. Pighting row - 8outh portion
17A. TFighting row - South portion
18A. TFighting row - South portion
19A. VYighting row - 3outh portion
20A, TFighting row .- South portion
21A, PFighting row - South portion
22A. Fighting row - South portion
23A. Pighting row - South portion
2hA, Pighting row - South portiom
25A. Pighting row - Bouth portion
26A. Redhead Bay - North portion
27A. Redhead Bay - North portion

QOFHOQOQOQQOOAOWOQOFHFMFOQOENQAOQAON
QO000QOCO0Q0OO00000000000QO0Q0O0000
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